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$%675$&7�
:LWK� JURZLQJ� HQYLURQPHQWDO� FRQFHUQ�� LQFUHDVLQJ�
XUEDQ� SRSXODWLRQ� DQG� HQHUJ\� QHHGV�� GLVWULFW� KHDWLQJ�
QHWZRUNV� DUH� FRQVLGHUHG� DV� D� SURPLVLQJ� VXVWDLQDEOH�
HQHUJ\� VROXWLRQ�� 7KH\� HQDEOH� WR� FRPELQH� VHYHUDO�
HQHUJ\� VRXUFHV� LQ� RUGHU� WR� EULQJ� FRVW�HIIHFWLYH� DQG�
HQYLURQPHQWDOO\� IULHQGO\� VROXWLRQV�� 7KLV� SDSHU�
SUHVHQWV�D�QHZ�IOH[LEOH�WRRO�ZKLFK�FDQ�PRGHO�YDULRXV�
QHWZRUN� DUFKLWHFWXUHV�� XVLQJ� DQ� RULHQWHG� JUDSK�
VWUXFWXUH� WR� UHSUHVHQW� D� '+� QHWZRUN�� $W� HDFK� WLPH�
VWHS�� QHWZRUN� UXQQLQJ� LV� VLPXODWHG� YLD� OLQHDU�
SURJUDPPLQJ� IRUPDOLVP��7KH�SXUSRVH�RI� WKLV� WRRO� LV�
QRW� WKH� RSWLPL]DWLRQ� RI� WKH� QHWZRUN�� EXW� WKH�
HPXODWLRQ� RI� LWV� IXQFWLRQLQJ�� ,W� FDQ� EH� XVHG� DW�
GLIIHUHQW� VWDJHV� RI� WKH�'+1� OLIH�� 7KH� VWXG\� IRFXVHV�
RQ�DQ�DSSOLFDWLRQ�RI�WKLV�'+�PRGHO��ZKLFK�FRXOG�KHOS�
GHFLVLRQ�PDNHUV�GXULQJ�WKH�GHVLJQ�SURFHVV�RI�D�PXOWL�
VRXUFHV� '+� QHWZRUN�� WKURXJK� HYDOXDWLRQV� DQG�
FRPSDULVRQV� RI� HFRQRPLF� DQG� HQHUJ\� DVSHFWV� RI� WKH�
V\VWHP�XQGHU�GLIIHUHQW�VFHQDULRV��

,1752'8&7,21�
$� VLJQLILFDQW� SURSRUWLRQ� RI� WKH� (XURSHDQ� KHDWLQJ�
QHHGV� ������ LV� VXSSOLHG� E\� '+� QHWZRUNV� �&(7(�
2XHVW����������'+�FRQWULEXWLRQ�LV�YHU\�GLIIHUHQW�IURP�
RQH�FRXQWU\�WR�DQRWKHU�DFFRUGLQJ�WR�WKH�ORFDO�SROLFLHV�
�H�J�� LQ� ������ ���� LQ� ,VODQG�� ����5RPDQLD�� ��� LQ�
)UDQFH�� �&(7(� 2XHVW�� ������� &RPSDUHG� WR� RWKHU�
KHDWLQJ� VROXWLRQV�� '+� QHWZRUNV� KDYH� WKH� PDLQ�
DGYDQWDJHV� WR� LPSURYH� HQHUJ\� HIILFLHQF\� �H�J��
WKURXJK� KHDW� DQG� SRZHU� FRJHQHUDWLRQ�� DQG� WR�
IDFLOLWDWH� WKH� XVH� RI� UHQHZDEOH� DQG� ORFDO� HQHUJ\�
UHVRXUFHV�VXFK�DV�ELRPDVV��ZDVWH�KHDW�RU�JHRWKHUPDO�
HQHUJ\�� ,Q�FRXQWULHV�ZKHUH�KHDWLQJ� LV�QHFHVVDU\��'+�
LV�YLHZHG�DV�D�SURPLVLQJ�VXVWDLQDEOH�HQHUJ\�VROXWLRQ�
ZKLFK� FRXOG� HQDEOH� UHGXFWLRQ� WDUJHWV� RI� JUHHQKRXVH�
JDVHV� HPLVVLRQV� WR� EH� PHW�� DW� D� UHDVRQDEOH� FRVW��
+RZHYHU�'+�QHWZRUNV�UHTXLUH�LPSRUWDQW�LQYHVWPHQW�
FRVWV� DQG� LQLWLDO� GHVLJQ� HQJDJHV� D� FRPELQDWLRQ� RI�
PDQ\�GLIIHUHQW�SDUDPHWHUV�LQ�D�FRPSOH[�SURFHVV��6R��
PDNLQJ�'+�QHWZRUNV�DQ�HIIHFWLYH� OHYHUDJH� IRU� ORFDO�
HQHUJ\� SROLF\� DQG� XUEDQ� SODQQLQJ� UHTXLUHV� WRROV� IRU�
GHFLVLRQ�PDNLQJ���
'+� QHWZRUN� PRGHOV� ZKLFK� DUH� UHYLHZHG� LQ� WKH�
OLWHUDWXUH� DUH� JHQHUDOO\� VSHFLDOL]HG� RSWLPL]DWLRQ�
PRGHOV�� 7KH\� � FDQ� EH� FODVVLILHG� LQWR� WZR� PDLQ�
FDWHJRULHV� DFFRUGLQJ� WR� WKHLU� SDUWLFXODU� REMHFWLYHV��

)LUVWO\� VXSSRUW� GHFLVLRQ� WRROV� DLP� DW� HYDOXDWLQJ�
VFHQDULRV� DW� WKH� GHVLJQ� VWDJH�� 7KH\� FDQ� WDUJHW�
QHWZRUN� WRSRORJ\� RSWLPL]DWLRQ� �6|GHUPDQ� HW� DO���
������� QHWZRUN� GHVLJQ� RSWLPL]DWLRQ� �*XVWDIVVRQ� HW�
DO��� ������� RU� HQHUJ\�PL[� RSWLPL]DWLRQ� �/XQGDQG� HW�
DO��� ������� 7KH� VHFRQG� FDWHJRU\� JDWKHUV� UHDO� WLPH�
PDQDJHPHQW� WRROV��PLG�WHUP�DQG� ORQJ�WHUP� WRROV�� LQ�
RUGHU�WR�RSWLPL]H�WKH�'+�QHWZRUN�RSHUDWLQJ��=KDR�HW�
DO��� ������ 'RW]DXHU�� ������ ZLWK� GLIIHUHQW� WLPH�
KRUL]RQV���
'LIIHUHQW� OHYHOV� RI� GHWDLOV� PD\� EH� DGRSWHG� IRU�
HOHPHQWDU\� PRGHO� HTXDWLRQV� DQG� IRU� LQSXW�
SDUDPHWHUV�� GHSHQGLQJ� RQ� PRGHO� REMHFWLYHV�� )RU�
LQVWDQFH� WKH� 3LSH/DE� PRGHO� �<LOGLULP� HW� DO��� �������
ZKLFK� DLPV� DW� RSWLPL]LQJ� WKH� GHVLJQ� RI� SLSHV� RI� D�
JHRWKHUPDO�'+�QHWZRUN��WDNHV�LQWR�DFFRXQW�WHFKQLFDO�
SLSHV¶� YDULDEOHV� �SUHVVXUH� ORVVHV�� PDWHULDO�� HWF����
ZKHUHDV� WKH� 3HUVVRQ¶V� PRGHO� �3HUVVRQ� HW� DO��� ������
GHDOLQJ� ZLWK� '+� FRPSHWLWLYHQHVV� UDWKHU� FRQVLGHUV�
HFRQRPLFDO�DQG�FRVW�SDUDPHWHUV��9HUGD��9HUGD�HW�DO���
������PDLQO\� XVHV� WKHUPR�K\GUDXOLF� SDUDPHWHUV� DQG�
IOXLG�G\QDPLF�SDUDPHWHUV�WR�SURSRVH�DQ�RSWLPL]DWLRQ�
PRGHO� IRU� RSHUDWLQJ� DQG� FRQWURO� RI� D� PXOWL�VFDOH�
VWRUDJH���
,Q� JHQHUDO� H[LVWLQJ� RSWLPL]DWLRQ� PRGHOV� XVH� OLQHDU�
SURJUDPPLQJ��6|GHUPDQ�HW�DO����������PL[HG�LQWHJHU�
SURJUDPPLQJ� DOJRULWKPV� �*XVWDIVVRQ� HW� DO��� �������
DQG� PRUH� RFFDVLRQDOO\� QRQ�OLQHDU� SURJUDPPLQJ�
DOJRULWKPV� �%UXQ�� ������� 7KH� FKRLFH� RI� DQ�
RSWLPL]DWLRQ� DORJRULWKP� GHSHQGV� RQ� WKH� W\SH� RI�
XQNQRZQ� YDULDEOHV� DQG� RQ� WKH� FRPSOH[LW\� RI� WKH�
HTXDWLRQV� XVHG�� /LQHDU� SURJUDPPLQJ� LV� RIWHQ� XVHG�
EHFDXVH� RI� LWV� DELOLW\� WR� UHSUHVHQW� QHWZRUNV� DQG� LWV�
HIILFLHQF\� WR� ILQG� D� JOREDO� VROXWLRQ� WR� WKH�
RSWLPL]DWLRQ� SUREOHP�� ,Q� DOO� '+� PRGHOV��
RSWLPL]DWLRQ� URXWLQHV� DOZD\V� PLQLPL]H� D� FRVW�
IXQFWLRQ�� 7KLV� REMHFWLYH� IXQFWLRQ� FDQ� HLWKHU� EH� WKH�
WRWDO� FRVW� RI� WKH� '+� QHWZRUN� �LQYHVWPHQW� FRVWV� DQG�
RSHUDWLQJ�FRVWV���3HUVVRQ�HW�DO���������RU�RQO\�WKH�FRVW�
RI�WKH�HQHUJ\�VXSSOLHG�WR�FXVWRPHUV��$EHUJ��+HQQLQJ��
������� :KHQ� WKH� '+� QHWZRUN� LQFRUSRUDWHV� D� &+3�
XQLW�� HOHFWULFLW\� SXUFKDVH� FDQ� DOVR� EH� FRQVLGHUHG�
�7YHLW�HW�DO����������SURILW�IURP�WKH�HOHFWULFLW\�VDOH�LV�
GHGXFWHG�IURP�WKH�WRWDO�FRVWV��
5HJDUGLQJ� KHDW� SURGXFWLRQ� V\VWHPV�� VRPH� PRGHOV�
FRQVLGHU� VHYHUDO� SURGXFWLRQ� V\VWHPV� �KHDW� SXPSV��
FRPELQHG� KHDW� DQG� SRZHU� �&+3��� ERLOHUV�� HWF���
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�$EHUJ�� +HQQLQJ�� ������� ZKLOH� RWKHUV� DFFRXQW� RQO\�
IRU�D�&+3�XQLW� �*HQRQ�HW�DO����������,W�FDQ�EH�QRWHG�
WKDW�D�&+3�XQLW�LV�SUHVHQW�LQ�DOO�WKH�PRGHOV�DQDO\]HG��
7KH� WRWDO� VLPXODWLRQ� SHULRG� LV� LQ� JHQHUDO� VSOLW� LQWR�
WLPH� VWHSV� ZKHQ� IXHO¶V� SULFH� RU� GHPDQG� LQWHQVLW\� LV�
FKDQJLQJ� RYHU� WLPH� �'RW]DXHU�� ������� 7LPH� VWHS�
YDULHV�IURP�KRXUV�WR�RQH�\HDU�GHSHQGLQJ�RQ�WKH�DLPV�
RI�WKH�PRGHO�DQG�WKH�W\SH�RI�XVHUV�FRQVLGHUHG��
'XH� WR� WKHLU� YHU\� SUHFLVH� WDUJHWV�� H[LVWLQJ� PRGHOV�
JHQHUDOO\� ODFN� RI� IOH[LELOLW\�� ERWK� FRQFHUQLQJ�
W\SRORJLHV� RI� QHWZRUNV� ZKLFK� FDQ� EH� PRGHOHG� DQG�
UHJDUGLQJ�TXHVWLRQV�ZKLFK�FDQ�EH�DQVZHUHG��
7KLV� SDSHU� IRFXVHV� RQ� DQ� HQHUJ\� PRGHO� ZKLFK�
VLPXODWHV� D� '+� QHWZRUN� UXQQLQJ� RQ� D� JLYHQ� SHULRG�
�W\SLFDOO\� RQH� \HDU��� EDVHG� RQ� KHDW� ORDG� GDWD� �UHDO�
GDWD�RU� VLPXODWHG�GDWD� UHVXOWLQJ� IURP�DQRWKHU�PRGHO�
RI� HQHUJ\� GHPDQG� VLPXODWLRQ��� 7KLV� '+� PRGHO� LV�
GHVLJQHG� WR� EH� FRXSOHG� ZLWK� DQ� HFRQRPLFDO� PRGHO�
DQG� DQ� HQYLURQPHQWDO� PRGHO�� WR� IRUP� D� JOREDO�
VWUDWHJLF� PDQDJHPHQW� WRRO� VXLWDEOH� IRU� H[�DQWH� DQG�
H[�SRVW�PXOWL�FULWHULD�HYDOXDWLRQ�RI�'+�QHWZRUNV���
$IWHU�D�GHVFULSWLRQ�RI�WKH�'+�PRGHO¶V�SULQFLSOHV�DQG�
VWUXFWXUH�� D� FDVH� VWXG\� LV� SHUIRUPHG�� ZLWK� VHYHUDO�
VFHQDULRV�RI�D�UHDO�QHWZRUN�EHLQJ�VWXGLHG��WR�LOOXVWUDWH�
KRZ� WKLV� PRGHO� FDQ� EH� XVHG� DQG� ZKDW� DUH� WKH�
FRQFOXVLRQV�WKDW�FRPH�ZLWK�LW��WR�GHILQH�D�VWUDWHJ\�RI�
PDQDJHPHQW��

'(6&5,37,21�2)�7+(�02'(/�
7KH�GLVWULFW�KHDWLQJ�LV�DVVXPHG�WR�EH�IXOO\�GHVFULEHG�
a priori�� ZLWK� LWV� WRSRORJ\� DQG� VHW� RI� SLSHV� DQG�
VXEVWDWLRQV�� &XVWRPHUV� DUH� FRQQHFWHG� WR� VXEVWDWLRQV�
DQG� YDULRXV� NQRZQ� VRXUFHV� SURYLGH� KHDW� WR� WKH�
QHWZRUN��

Structure of the model 
,Q� WKH� PRGHO� D� '+� QHWZRUN� LV� UHSUHVHQWHG� E\� DQ�
RULHQWHG�JUDSK�DQG�LWV�HQHUJ\�EHKDYLRU�LV�VLPXODWHG�DW�
HDFK� WLPH� VWHS�� XVLQJ� WKH� OLQHDU� SURJUDPPLQJ�
IRUPDOLVP��'H�:HUUD��������� WR�RSWLPL]H� VKRUW�WHUP�
UHVRXUFHV�DOORFDWLRQ� LQ�D�FRPSOHWHO\�GHILQHG�V\VWHP��
7KH� RSWLPL]DWLRQ� VROYHU� LV� RQO\� XVHG� WR� HPXODWH� WKH�
QHWZRUN� RSHUDWLQJ�� 7KH� PRGHO� GRHV� QRW� XVH� DQ�
RSWLPL]DWLRQ� DSSURDFK� EXW� D� VLPXODWLRQ� DSSURDFK��
7KH� PRGHO� FRQVLGHUV� YDULDEOH� IORZ� UDWH� DQG� IL[HG�
VXSSO\� DQG� UHWXUQ� WHPSHUDWXUHV�� EXW� LW� FDQ� EH�
H[WHQGHG� IRU� IL[HG� IORZ� UDWH� DQG� YDULDEOH�
WHPSHUDWXUHV��7KH� OHQJWK�RI� WKH�SLSHV� DUH� WDNHQ� LQWR�
DFFRXQW� WKURXJK� WKH� ORVVHV� FDOFXODWLRQV�7KH� PRGHO�
DOORZV�VLPXODWLQJ�VFHQDULRV�ZLWK�SDUDPHWHUV�WKDW�YDU\�
KRXUO\�� VXFK� DV� WKH� DYDLODEOH� SRZHU� RI� GRPHVWLF�
ZDVWH�LQFLQHUDWLRQ�SODQWV�RU�IXHO�SULFHV���
,Q� WKH�SURSRVHG�PRGHO�� D�JUDSK�ZLWK�n�QRGHV�DQG�m�
EUDQFKHV�VWDQGV�IRU�D�'+�QHWZRUN�RI�n�VXEVWDWLRQV�RU�
KHDWLQJ�SODQWV�� DQG�m�SLSHV��(DFK�QRGH� LQFRUSRUDWHV�
RQH� KHDW� VRXUFH� DQG� RQH� KHDW� VLQN�� +HDW� IORZ� LV�
GLUHFWHG�WKURXJK�SLSHV�IURP�RQH�QRGH�WR�DQRWKHU�DQG�
WKH� JUDSK� LV� RULHQWHG� �  {𝑃𝑟(𝑖)}� LV� WKH� VHW� RI� LQOHW�

EUDQFKHV�RI�QRGH i� �SUHGHFHVVRUV��DQG�{𝑆𝑢(𝑖)}� LV� WKH�
VHW�RI�RXWOHW�EUDQFKHV�RI�QRGH i��VXFFHVVRUV���
7KH�EDVLF�QHWZRUN�WRSRORJ\�LV�SURYLGHG�WR�WKH�PRGHO�
YLD� D� simple graph format� �VJI� PDWUL[�� ZKLFK�
GHVFULEHV� KRZ� WKH� QRGHV� DQG� EUDQFKHV� DUH� OLQNHG�
WRJHWKHU�� $OO� WKH� RWKHU� PDWULFHV� GHVFULELQJ� WKH�
QHWZRUN� WRSRORJ\� �VXFFHVVRU� PDWUL[�� SUHGHFHVVRU�
PDWUL[��FRQQHFWLYLW\�PDWUL[��HWF����ZKLFK�DUH�HVVHQWLDO�
IRU� WKH� LPSOHPHQWDWLRQ�RI� WKH�RSWLPL]DWLRQ�SUREOHP��
DUH�FDOFXODWHG�IURP�WKLV�VJI�PDWUL[���

Notations and equations 
7KH� IROORZLQJ� QRWDWLRQV� DUH� XVHG� IRU� WKH� (𝑛 + 𝑚)�
XQNQRZQ�YDULDEOHV��VWDWH�YDULDEOHV��DW�WLPH�W����

� 𝑃𝑚 �� KHDW� IORZ� WUDQVIHUUHG� LQ� EUDQFK� j��
(𝑗 = 1;… ;𝑚)�

� 𝑃𝑆𝑟𝑐𝑒( )��SRZHU�SURGXFWLRQ�IURP�KHDW�VRXUFH�
RI�QRGH i���(𝑖 = 1;… ; 𝑛)�

$W�HDFK� WLPH�VWHS� t�� D�QRGH� i� LV� FKDUDFWHUL]HG�E\� WKH�
IROORZLQJ�LQSXW�SDUDPHWHUV���

� 𝑃   ( )�PD[LPDO�SRZHU�RI�WKH�KHDW�VRXUFH���
� 𝐶( )� RSHUDWLQJ� FRVW� RI� KHDW� VRXUFHV��

�DFFRXQWLQJ� IRU� SODQW� HIILFLHQFLHV��� FRVWV�
XVHG� KHUH� DUH� YDULDEOH� FRVWV� LQ� RUGHU� WR�
UHSUHVHQW�SULRULWLHV�EHWZHHQ�KHDW�VRXUFHV�IRU�
VKRUW�WHUP�GHFLVLRQ�PDNLQJ���LQYHVWPHQW�FRVW�
LV�QRW�FRQVLGHUHG��

� 𝑃 ( )�KHDW�GHPDQG�IURP�KHDW�VLQN��
�:LWK�LQWHUPHGLDWH�YDULDEOHV�XVHG�LQ�(TXDWLRQV���DQG����

� HQWHULQJ� KHDW� IORZ� ������������������������������
𝑃   ( ) = ∑ 𝑃𝑚( )

∈{ ( )} ��������������������������������
� OHDYLQJ� KHDW� IORZ� �������������������������������

𝑃   ( ) = ∑ (𝑃𝑚( )
∈{ ( )} + 𝐿( ))�������������������

,Q�WKH�VDPH�ZD\��DW�HDFK�WLPH�VWHS�t��D�EUDQFK j�KDV��
� D�PD[LPDO�KDQGOHG�KHDW�SRZHU�𝑃𝑚 ( )�
� KHDW�ORVVHV�𝐿( )�DVVXPHG�WR�EH�DIILQH�IXQFWLRQ�

RI�KDQGOHG�SRZHU�
7R� FDOFXODWH� WKH� YDOXHV� RI� WKH� VWDWH� YDULDEOHV�� WKH�
PRGHO� PLQLPL]HV� WKH� KHDW� SURGXFWLRQ� FRVW� RI� WKH�
ZKROH� QHWZRUN� DW� HDFK� WLPH� VWHS�� ZKLOH� DFFRXQWLQJ�
IRU� FRQVWUDLQWV�� 7KHUH� DUH� WKUHH� GLIIHUHQW� W\SHV� RI�
FRQVWUDLQWV� DW� HDFK� QRGH�� WKHUPDO� SLSHV� FDSDFLW\�
FRQVWUDLQWV� �(TXDWLRQ� ���� KHDW� VRXUFHV� FDSDFLW\�
FRQVWUDLQWV� �(TXDWLRQ� ��� DQG� HQHUJ\� EDODQFH�
FRQVWUDLQWV��(TXDWLRQ������

� 0 ≤ 𝑃𝑚( ) ≤ 𝑃𝑚 ( )������������� ���������������
IRU�HDFK�EUDQFK j��

� 0 ≤ 𝑃( ) ≤ 𝑃   ( )���������������� ���������������
IRU�HDFK�KHDW�VRXUFH�i�

� 𝑃   ( ) +   𝑃( ) = 𝑃   ( ) +   𝑃 ( )������������������
IRU�HDFK�FRQVXPHU�QRGH�i�

$W� HDFK� WLPH� VWHS� WKH� REMHFWLYH� IXQFWLRQ� 𝑓� WR�
PLQLPL]H� ZLWK� WKLV� VHW� RI� FRQVWUDLQWV� LV� WKH� JOREDO�
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KHDWLQJ� FRVW� LQ� WKH� ZKROH� QHWZRUN� VXFK� DV�
(TXDWLRQ����

𝑓 𝑋 = 𝐶(1)𝑋(1) + 𝐶(2)𝑋(2) +⋯���
� +𝐶(𝑚 + 𝑛)𝑋(𝑚 + 𝑛)�����������������������������������
,Q� WKLV� RSWLPL]DWLRQ� SUREOHP�� DOO� WKH� HTXDWLRQV� DQG�
WKH� REMHFWLYH� IXQFWLRQ� DUH� OLQHDU�� 7KH� OLQHDU�
SURJUDPPLQJ� �/3�� IRUPDOLVP� LV� WKHQ� REYLRXVO\�
FKRVHQ�IRU�EHLQJ�WKH�VLPSOHVW�ZD\�WR�WDFNOH�WKLV�NLQG�
RI�SUREOHPV��%HVLGHV�/3�FDQ�KDQGOH�D� JUHDW� QXPEHU�
RI�YDULDEOHV��ZKLFK�LV�QRW�QHFHVVDULO\�WKH�FDVH�IRU�WKH�
QRQ�OLQHDU� IRUPDOLVP� �%UXQ�� ������� DQG� LW� DOORZV�
ILQGLQJ� D� JOREDO�PLQLPXP� RI� WKH� REMHFWLYH� IXQFWLRQ�
DQG� QRW� RQO\� D� ORFDO� PLQLPXP� �-DFTXHW�/DJUq]H��
�������
7KH� RSWLPL]DWLRQ� SUREOHP� LV� VROYHG� E\� XVLQJ� D�
YDULDQW� RI� 0HKURWUD
V� SUHGLFWRU�FRUUHFWRU� DOJRULWKP�
�=KDQJ�� ������� D� SULPDO�GXDO� LQWHULRU�SRLQW� PHWKRG�
�0HKURWUD�� �������7KLV� DOJRULWKP� FDQ� EH� FRQVLGHUHG�
DV� D�1HZWRQ�OLNH�PHWKRG� WKDW� VROYHV� VLPXOWDQHRXVO\�
WKH� SULPDO� DQG� WKH� GXDO� SURJUDPV�� 7KH� LWHUDWHV� DUH�
NHSW�LQ�WKH�VWULFWO\�LQWHULRU�UHJLRQ�UHSUHVHQWHG�E\� WKH�
LQHTXDOLW\� FRQVWUDLQWV�� 7KH� RSWLPL]DWLRQ� SUREOHP� LV�
VWDWHG�XVLQJ�DQ�/3�VWDQGDUG�PDWUL[�IRUPDW�DV�IROORZ��
7KH�REMHFWLYH�IXQFWLRQ�LV�𝑚𝑖𝑛 𝑓 𝑋�DQG�WKH�V\VWHP�RI�
FRQVWUDLQWV�LV�VXFK�DV���
�

𝐴. 𝑋 = 𝑏                                                                                                                                                (7)
𝑙𝑏 ≤ 𝑋 ≤ 𝑢𝑏                                                                                                                                (8)

��
�

7KH� (TXDWLRQ� �� UHSUHVHQWV� WKH� OLQHDU� HTXDOLWLHV��
GLP(A) =� �n,m+n)� PDWUL[� DQG� GLP(b) = (1,n)�� 7KH�
(TXDWLRQ���IL[HV�WKH�ERXQGDULHV�RI�WKH�YDULDEOHV��ZLWK�
𝑙𝑏� DQG� 𝑢𝑏� VWDQG� IRU� lower boundary� DQG� upper 
boundary��
7R�VLPXODWH�WKH�'+�QHWZRUN�LQ�RSHUDWLQJ�FRQGLWLRQV��
WKH�/3�RSWLPL]DWLRQ�VROYHU�LV�UXQ�DW�HDFK�WLPH�VWHS�WR�
UHWXUQ� WKH� EHVW� FRPELQDWLRQ� RI� KHDWLQJ� VRXUFHV� DQG�
SRZHU� IORZV� LQ� SLSHV�� WKDW� PLQLPL]HV� WKH� RSHUDWLQJ�
FRVW� ZLWK� UHVSHFW� WR� FRQVWUDLQWV�� 7KH� RSWLPL]DWLRQ�
URXWLQH� HPXODWHV� WKH� HFRQRPLF� GLVSDWFK�� $Q\� WLPH�
SHULRG�DQG�WLPH�VWHSV�PD\�EH�XVHG��7LPH�VWHSV�ORQJHU�
WKDQ� RQH� KRXU� FDQ� EH� VLPXODWHG�� OHDGLQJ� WR� IDVWHU�
UHVXOWV��

&$6(�678'<�
7KH� PRGHO� SURSRVHG� LV� DSSOLHG� WR� D� )UHQFK� GLVWULFW�
KHDWLQJ�QHWZRUN�ORFDWHG�RQ�WKH�HDVW�VLGH�RI�WKH�FLW\�RI�
1DQWHV�� LQ� WKH� GLVWULFW� RI� 0DODNRII�%HDXOLHX�� 7KLV�
QHWZRUN� LV� ��NP� ORQJ� DQG� KDV� ���� VXEVWDWLRQV��
HTXLYDOHQW� WR� ������� KRXVLQJV� �&(7(�2XHVW�� �������
,W�SURYLGHV�DURXQG���������0:K�RI�KHDW� WR�YDULRXV�
SXEOLF� VHUYLFHV� FXVWRPHUV� VXFK� DV� KRVSLWDOV��
VZLPPLQJ� SRROV�� WKH� FRQJUHVV� FHQWHU�� VFKRROV�� WKH�
WUDLQ�VWDWLRQ��D�PDOO�DQG�PDQ\�DSDUWPHQW�EXLOGLQJV��$�
VPDOOHU� QXPEHU� RI� SULYDWH� FXVWRPHUV� DUH� DOVR�
FRQQHFWHG�WR�WKH�QHWZRUN��7KH�KHDW�LV�SURYLGHG�WR�WKH�
QHWZRUN�XQGHU�WKH�IRUP�RI�KRW�ZDWHU�IURP�RQH�FHQWUDO�
GLVWULEXWLRQ� SRLQW� WKURXJK� D� WUHH� VWUXFWXUH� ZLWK�
PXOWLSOH� EUDQFKHV�� ,W� LV� FRQWLQXRXVO\� VXSSOLHG� E\� D�

ZDVWH� LQFLQHUDWLRQ� SODQW� DQG� RLO� DQG� JDV� ERLOHUV�
SURYLGH�DX[LOLDU\�KHDW�ZKHQ�QHFHVVDU\����0:���7KH�
LQFLQHUDWLRQ� SODQW� XVHV� PXQLFLSDO� VROLG� ZDVWH��
ELRORJLFDO� ZDVWH� IURP� ORFDO� KRVSLWDOV� DQG� RWKHU�
LQGXVWULDO�ZDVWHV��7KH�WZR�KRVSLWDOV�FRQQHFWHG�WR�WKH�
QHWZRUN�KDYH�WKHLU�RZQ�ERLOHUV�RI��0:�DQG���0:�
WR� VHFXUH� WKHLU� KHDW� QHHGV�� ���� RI� WKH� QHWZRUN�
RSHUDWHV� DW� D� KLJK� WHPSHUDWXUH� DQG� SUHVVXUH� OHYHOV�
�����&�����&� XQGHU� ��� EDUV��� ZKLOH� WKH� RWKHU� ����
KDV�ORZHU�RSHUDWLQJ�FRQGLWLRQV������&����&�XQGHU���
EDUV���
7KH� ZDVWH� LQFLQHUDWLRQ� SODQW� LV� PRGHOHG� DV� D� KHDW�
SURGXFWLRQ� VRXUFH� IRU� ZKLFK� HDFK� YDULDEOH� FDQ� YDU\�
WHPSRUDULO\�DQG�ZLWK�D�YHU\� ORZ�SURGXFWLRQ�FRVW�� ,WV�
PD[LPXP�KHDW�SRZHU�LV�FRPSXWHG�DW�HDFK�WLPH�VWHS��
XVLQJ�WKH�(TXDWLRQ����
�

𝑃 (𝑡) = 𝐿𝐻𝑉(𝑡) ∗ 𝑟(𝑡) ∗ 𝜂(𝑡) ∗ 𝑑(𝑡)���������������������
�

:KHUH�𝐿𝐻𝑉�LV�WKH�/RZHU�+HDWLQJ�9DOXH�RI�WKH�ZDVWH�
�*-�W��� 𝑟� LV� WKH� ZDVWH� IXHO� UDWH� �W�K��� 𝜂� LV� WKH�
LQFLQHUDWRU�HIILFLHQF\�DQG�𝑑� LV� WKH�DYDLODELOLW\�RI�WKH�
LQFLQHUDWRU��,Q�WKLV�H[DPSOH��𝜂 = 0.75�DQG�WKH�RWKHUV�
SDUDPHWHUV�DUH�YDU\LQJ�RYHU�WLPH��)LJXUH���DQG������
(QHUJ\� SODQQLQJ� LVVXHV� RI� WKLV� GLVWULFW� KHDWLQJ�
QHWZRUN�� DUH�PDLQO\� IRFXVHG� RQ� ORQJ�WHUP�GHFLVLRQV�
VXFK�DV�QHWZRUN�H[SDQVLRQ�ZLWK�RU�ZLWKRXW�DGGLWLRQDO�
KHDW� SURGXFWLRQ� FDSDFLW\� RU� LQWURGXFLQJ� QHZ� HQHUJ\�
VRXUFHV� DQG� WHFKQRORJLHV�� 7KH� DFWXDO� V\VWHP�
VFKHPDWLF� LV� VLPSOLILHG� ZLWK� WKH� RULJLQDO� ���� VXE�
VWDWLRQV�EHLQJ�DJJUHJDWHG�LQ����QRGHV�RI�DQ�RULHQWHG�
WUHH�DV�LW�LV�LOOXVWUDWHG�E\�)LJXUH����
�

�
Figure 1: Lower Heating Value and waste fuel rate 

of the waste incinerated 
�

7KH�VLPXODWLRQV�XVH�GDWD� IURP�WKH�QHWZRUN�RSHUDWRU��
7KH� KHDW� GHPDQG� IRU� D� \HDU� LV� DURXQG� ����*:K�
ZKLOH� WKH� WRWDO� KHDW� VXSSOLHG� WR� WKH� QHWZRUN� LV�
����*:K�� ,QSXW� GDWD� IRU� KHDW� GHPDQG� DUH� PRQWKO\�
KHDW� FRQVXPSWLRQ� IRU� HYHU\� VXEVWDWLRQ��6L[�GLIIHUHQW�
W\SHV�RI�FRQVXPHUV�DUH�LGHQWLILHG��VFKRROV��KRVSLWDOV��
UHVLGHQWLDO�� DGPLQLVWUDWLRQ�� VSRUW� IDFLOLWLHV�� SXEOLF�
SODFHV��ZLWK�D� VSHFLILF� VKDUH�EHWZHHQ�VSDFH�KHDWLQJ��
ZDWHU� KHDWLQJ� DQG� SURFHVV� KHDW�� $� VSHFLILF� KRXUO\�
WLPH�SURILOH�LV�GHILQHG�IRU�HDFK�XVH���
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�
Figure 2: Fortnightly average of the availability of 

the waste incineration plant  
�

7KH� PD[LPXP� SRZHUV� VXSSRUWHG� E\� WKH� SLSHV� DUH�
EHWZHHQ� ���0:� WR� ��0:�� DFFRUGLQJ� WR� WKH� ]RQH�
FRQVLGHUHG��&RVWV�DUH�RWKHU�LPSRUWDQW�SDUDPHWHUV�WKDW�
LQIOXHQFH� WKH� FKRLFH� RI� WKH� KHDW� SURGXFWLRQ� VRXUFH��
7KH�PRGHO�WDNHV�LQWR�DFFRXQW�RQO\�WKH�PDUJLQDO�FRVWV�
ZKLFK�GHWHUPLQH�WKH�PHULW�RUGHU�RI�HDFK�HQHUJ\�SODQW�
DW� HDFK� WLPH� VWHS�� )RU� WKH� 0DODNRII� � FDVH� VWXG\��
PDUJLQDO�SURGXFWLRQ�FRVW�IURP�WKH�ZDVWH�LQFLQHUDWLRQ�
SODQW� ������¼�0:K�� LV� PXFK� PRUH� ORZHU� WKDQ� WKH�
FRVW� IURP� WKH� WKHUPDO� SODQW� �����¼�0:K�� PDLQO\�
UHODWHG�WR�IXHO�FRVW��
�

�
Figure 3: Diagram of the network of Malakoff. In 

grey the two main heat production sources 
�

�

Description of the scenarios 
7KUHH�VFHQDULRV�DUH�LPSOHPHQWHG�DQG�DQDO\]HG��
Scenario 1 (reference case)� �� WKH� PDLQ� KHDW�
SURGXFWLRQ� VRXUFH� LV� D� ZDVWH� LQFLQHUDWLRQ� SODQW� DQG�
WKH�H[WUD�KHDW� LV� VXSSOLHG�E\�D� WKHUPDO�SODQW�XVLQJ�D�
IRVVLO�IXHO�ERLOHU��

Scenario 2� �� $� VWRUDJH� LV� DGGHG� WR� WKH� VDPH�
FRQILJXUDWLRQ�DV�WKH�VFHQDULR����7KH�VWRUDJH�FDSDFLW\�
LV����0:K��
Scenario 3� �� WKH� PDLQ� KHDW� SURGXFWLRQ� VRXUFH� LV� D�
ZDVWH� LQFLQHUDWLRQ� SODQW� ZLWK� D� UHGXFHG� FDSDFLW\�
FRPSDUHG� WR� VFHQDULR� �� �������� WKH� H[WUD� KHDW� LV�
VXSSOLHG� E\� D� WKHUPDO� SODQW� ���0:�� DQG� WKHUPDO�
VRODU�SDQHOV��������Pð��DUH�DGGHG��

Results 
7KH�SRZHU�GHOLYHUHG�E\� WKH�ZDVWH� LQFLQHUDWLRQ�SODQW�
DQG� WKH� WKHUPDO�SODQW� GXULQJ� WKH������ ILUVW� KRXUV�RI�
WKH�\HDU�DUH�UHSUHVHQWHG�LQ�)LJXUH����
,Q� )LJXUHV� �� DQG� )LJXUH� �� D� VHYHQ�GD\V� PRYLQJ�
DYHUDJH� LV� XVHG� LQ� RUGHU� WR� VPRRWK� WKH� RULJLQDO�
IOXFWXDWLRQV�� 7KH\� LOOXVWUDWH� WKH� KHDW� ORDG� FXUYH�
�GHPDQG�SRZHU�VRUWHG� LQ�GHVFHQGLQJ�RUGHU���DQG� WKH�
UHVSHFWLYH�FRQWULEXWLRQ�RI�WKH�RWKHU�KHDW�VRXUFHV�RYHU�
D� \HDU� IRU� WKH� VFHQDULR��� DQG��� UHVSHFWLYHO\��([FHVV�
KHDW� IURP� WKH� ZDVWH� LQFLQHUDWLRQ� SODQW� DQG� WKHUPDO�
VRODU�SDQHOV�DUH�DOVR�UHSUHVHQWHG��6LQFH�WKH�JUDSKV�RI�
WKH� VFHQDULRV� �� DQG� �� DUH� YHU\� VLPLODU�� WKH� ILJXUH�
FRUUHVSRQGLQJ�WR�WKH�VFHQDULR���LV�QRW�SUHVHQWHG��
,Q� WKH� VFHQDULR� �� �UHIHUHQFH� FDVH��� WKH� ZDVWH�
LQFLQHUDWLRQ�SODQW�FRYHUV�WKH�PDMRU�SDUW�RI�WKH�\HDUO\�
KHDWLQJ� QHHGV� ������� 7KLV� KHDW� VRXUFH� LV� VXIILFLHQW�
IRU� D� QHHGHG� SRZHU� XS� WR� ��0:��:KHQ� WKH� SRZHU�
GHPDQG� LV� KLJKHU�� WKH� IRVVLO� IXHO�ERLOHU� LV�QHHGHG�� ,W�
VXSSOLHV� ����� RI� WKH� H[WUD� KHDW� GHPDQG�� 7KH�ZDVWH�
LQFLQHUDWLRQ� SODQW� SURGXFHV� EHWZHHQ� �0:� DQG�
��0:�RI� H[FHVV� KHDW� GXULQJ� DURXQG� ����� KRXUV� RI�
WKH� \HDU��$OWKRXJK�D� VLJQLILFDQW� H[FHVV� HQHUJ\� IURP�
WKH� ZDVWH� LQFLQHUDWRU� FDQ� EH� REVHUYHG�� FRPSDUHG� WR�
WKH� \HDUO\� KHDWLQJ� ORDG�� WKH� FRUUHVSRQGLQJ� KHDW� LV�
XQVXIILFLHQW�GXULQJ�SHDN�KRXUV��
7KH� UHVXOWV� RI� WKH� VFHQDULR��� DUH� YHU\� VLPLODU� WR� WKH�
UHIHUHQFH� FDVH�� ,Q� WKH� VFHQDULR� �� WKH� ZDVWH�
LQFLQHUDWLRQ� SODQW� LV� WKH� HQHUJ\� EDVH� VRXUFH�
SURGXFWLRQ��LW�VDWLVILHV�WKH�PRVW�LPSRUWDQW�SDUW�RI�WKH�
KHDWLQJ� QHHGV� ������� 7KH� H[WUD� KHDW� GHPDQG� LV�
VXSSOLHG�E\�WKH�IRVVLO�IXHO�WKHUPDO�SODQW���������7KH�
VWRUDJH� DFFRXQWV�RQO\� IRU� �����RI� WKH� KHDW� GHPDQG��
GHVSLWH�RI�LWV�VLJQLILFDQW�FDSDFLW\��
7KH� VFHQDULR� �� SURSRVHV� D� YHU\� GLIIHUHQW� HQHUJ\�
EDODQFH��7KH�PDLQ�SURGXFWLRQ�VRXUFH�LV�VWLOO�WKH�ZDVWH�
LQFLQHUDWLRQ� SODQW� ZKLFK� DFFRXQW� IRU� ������ RI� WKH�
KHDW�SURGXFWLRQ��ZKLOH�WKH�WKHUPDO�SODQW�DQG�WKH�VRODU�
SDQHOV� VXSSO\� UHVSHFWLYHO\� ������ DQG� ����� RI� WKH�
GHPDQG�� 6RODU� SDQHOV� KDYH� D� OLPLWHG� FRQWULEXWLRQ�
SDUWO\� GXH� WR� WKH� KLJK� WHPSHUDWXUH� RI� WKH� QHWZRUN��
7KH�ZDVWH�LQFLQHUDWLRQ�SODQW�FDQ�VDWLVI\�D�GHPDQG�XS�
WR� ��0:�� :KHQ� WKH� GHPDQG� EHFRPHV� KLJKHU� WKH�
WKHUPDO� VRODU� SDQHOV� FRQWULEXWH� WR� �0:� EHIRUH� WKH�
IRVVLO�IXHO�ERLOHU�LV�XVHG�WR�VDWLVI\�DOO�GHPDQG��,Q�WKH�
VFHQDULR����WKH�ZDVWH�LQFLQHUDWLRQ�SODQW�KDV�D�UHGXFHG�
FDSDFLW\� RI� SURGXFWLRQ� �������� LW� SURGXFHV� EHWZHHQ�
�0:�DQG���0:�RI� H[FHVV� KHDW� GXULQJ������KRXUV�
DQG�WKHUH�LV�EHWZHHQ��0:�DQG��0:�RI�H[FHVV�KHDW�
FRPLQJ�IURP�WKH�WKHUPDO�VRODU�SDQHOV��
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Table 1: 
Energy balance for the three scenarios analyzed 

� �
� Distributed 

energy 
�0:K� 

Heat source Covering 
ratio 

Total losses 
�0:K� 

Scenario 1 
(reference 

case) 

��������
�������

:DVWH�LQFLQHUDWLRQ�SODQW�
7KHUPDO�SODQW�

������
�����

�������

Scenario 2 ��������
�������
����

:DVWH�LQFLQHUDWLRQ�SODQW�
7KHUPDO�SODQW�

6WRUDJH�

������
�����
�����

�������

Scenario 3 �������
�������
������

:DVWH�LQFLQHUDWLRQ�SODQW�
7KHUPDO�SODQW�
6RODU�SDQHOV�

������
������
�����

�������
�

�
�

�
Figure 4: Power delivered by the waste incineration 
plant and the thermal plant for the beginning of the 

year 
 

7DEOH���SUHVHQWV� WKH�FRVW�DQDO\VLV� UHVXOWLQJ� IURP�WKH�
KHDW�SURGXFWLRQ�GLVSDWFKLQJ�IRU�HDFK�VFHQDULR��,Q�WKH�
VFHQDULR���WKH�LQWURGXFWLRQ�RI�KHDW�VWRUDJH�OHDGV�WR�DQ�
DYHDUJH� FRVW�� �RI� ����¼�0:K��� ORZHU� WKDQ� LQ� WKH�
VFHQDULR��� �����¼�0:K���0HDQZKLOH� LQ� WKH�VFHQDULR�
��WKH�WRWDO�SURGXFWLRQ�FRVW�DQG�VR�WKH�DYHUDJH�FRVW�RI�
D�0:K� �UHVSHFWLYHO\� �����N¼� DQG� �����¼�0:K�� LV�
PXFK�PRUH� LPSRUWDQW� WKDQ� LQ� WKH� VFHQDULR��� ����N¼�
DQG�����¼�0:K��GXH�WR�WKH�KLJKHU�SURSRUWLRQ�RI�WKH�
IRVVLO�IXHO�WKHUPDO�SODQW���������
�

Table 2 
Cost analysis for the three scenarios 

�

� Average cost 
�¼�0:K� 

Total cost 
�N¼� 

Scenario 1 
�UHIHUHQFH�FDVH� ����� ����

Scenario 2 ����� ����

Scenario 3 ������ ������
�

7KLV� H[DPSOH� LOOXVWUDWHV� KRZ� LPSRUWDQW� LW� LV� WR�
FRPSDUH�GLIIHUHQW�SRVVLELOLWLHV�LQ�RUGHU�WR�FKRRVH�WKH�
EHVW� VFHQDULR�� +HUH� WKH� PRGHO� XQGHUOLQHV� WKH�
VLJQLILFDQW�H[FHVV�KHDW� �YLVLEOH�RQ� WKH�GRWWHG�DUHD�RI�
WKH�JUDSKV��SURGXFHG�E\�WKH�ZDVWH�LQFLQHUDWLRQ�SODQW��

�

',6&866,21�$1'�3(563(&7,9(6�
Using the model : examples  

7KH�PRGHO�SURSRVHG�KHUH� LV�D� VXSSRUW�GHFLVLRQ� WRRO��
$W� WKH� GHVLJQ� VWDJH�� LW� LV� YHU\� LPSRUWDQW� WR� HYDOXDWH�
GLIIHUHQW� VFHQDULRV� RI� '+� QHWZRUNV� �FRQFHUQLQJ�
GLIIHUHQW� HQHUJ\� PL[HV� RU� QHWZRUN� WRSRORJLHV�� LQ�
RUGHU�WR�VHOHFW�WKH�EHVW�DGDSWHG�RQH��JLYHQ�WKDW�D�'+�
QHWZRUN� FRQVWLWXWHV� D� ORQJ�WHUP� LQYHVWPHQW� �ex-ante�
XVH�RI�D�PRGHO���,Q�WKH�VDPH�ZD\��WKH�DVVHVVPHQW�RI�D�
'+� QHWZRUN�� DW� RSHUDWLQJ� VWDJH� �ex-post� XVH�� LV�
HVVHQWLDO� LQ� RUGHU� WR� FKHFN� DQG� LPSURYH� LWV� HQHUJ\��
HQYLURQPHQWDO� DQG� HFRQRPLFDO� SHUIRUPDQFHV�� 7KLV�
WRRO� HQDEOHV� WR� PRGHO� D� ODUJH� UDQJH� RI� VFHQDULRV�
ZKLFK� YDU\� LQ� WHUPV� RI� GHPDQG� VWUXFWXUH�� QHWZRUN�
DUFKLWHFWXUHV� DQG� HQHUJ\� WHFKQRORJLHV�� ,W� LV�
SDUWLFXODUO\� DGDSWHG� IRU� WKH� PRGHOLQJ� RI� ELJ� VL]HG�
PXOWL�VRXUFHV� QHWZRUNV� �HVSHFLDOO\� ZKHQ� WKHUH� DUH�
VHYHUDO�ZDVWH�KHDW�VRXUFHV���DQG�VPDOOHU�QHWZRUNV�LQ�
D� FRPSOH[� VLWXDWLRQ� ZLWK� WLPH�YDU\LQJ� SDUDPHWHUV��
VXFK�DV�SULFHV�RU�DYDLODEOH�SRZHU���
7KH� REMHFWLYH� LV� QRW� WKH� RSWLPL]DWLRQ� RI� D� VHW� RI�
SDUDPHWHUV�� EXW� DQ� HYDOXDWLRQ� RI� WKH� HQHUJ\�
SHUIRUPDQFHV� RI� D� JLYHQ� '+� QHWZRUN�� WKURXJK� WKH�
ORQJ� WHUP� VLPXODWLRQ� RI� LWV� IXQFWLRQLQJ� �2XDUJKL� HW�
DO����������

Strengths of the model  
7KH� PRGHO� SUHVHQWHG� LQ� WKLV� SDSHU� LV� D� JHQHUDO�
VLPXODWLRQ� WRRO�� ,W� KDV� EHHQ� GHYHORSSHG� LQ� RUGHU� WR�
VLPXODWH�D�ODUJH�SDQHO�RI�VFHQDULRV��
7KH� PRGHO� LV� VXLWDEOH� IRU� DQ\� QHWZRUN� WRSRORJ\��
WHPSRUDU\� SUREOHPV� FDQ� EH� PRGHOHG� E\� PRGLI\LQJ�
WKH�PD[LPDO�KHDW�IORZ�WUDQVSRUWHG�WKURXJK�SLSHV��
7KH�PRGHO�FDQ�WDFNOH�YHU\�GLIIHUHQW�GHPDQG�SURILOHV��
LQWHUFRQQHFWLRQV� ZLWK� RWKHU� '+� QHWZRUNV� DQG�
DVVRFLDWH� ³YLUWXDO� VRXUFHV´� WR� FRQVXPHU� QRGHV�� ,W�
PHDQV� WKDW� VRPH� FXVWRPHUV� FDQ� WHPSRUDULO\� XVH� D�
SHUVRQDO� KHDW� VRXUFH� DV� DQ� LQGHSHQGHQW� KHDW�
SURGXFHU�� IRU� LWV� RZQ� VXSSO\�� DW� D� VSHFLILF� SDUWLDO�
GLVFRQQHFWLRQ�FRVW��
�
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$� ODUJH� UDQJH� RI� KHDW� SURGXFWLRQ� SODQWV� FDQ� EH�
FRQVLGHUHG�� SURYLGHG� WKDW� WKHLU� PD[LPDO� FDSDFLW\��
HIILFLHQF\� DQG� HQHUJ\� FRVW� DUH� NQRZQ� DW� HDFK� WLPH�
VWHS��7LPH�YDU\LQJ�IHDWXUHV�RI�HQHUJ\�VRXUFHV��FRVWV��
DYDLODEOH� SRZHU�� DUH� WDFNOHG� WKURXJK� LQSXW�
SDUDPHWHUV�� +HDW� VRXUFHV� ZLWK� SRZHU� RU� HIILFLHQF\�
GHSHQGLQJ� RQ� QHWZRUN� WHPSHUDWXUH� �KHDW� SXPSV��
JHRWKHUP\��VRODU��H�J���FDQ�EH�DOVR�UHSUHVHQWHG���WKHLU�
FKDUDFWHULVWLFV� PXVW� EH� HYDOXDWHG� DW� HDFK� WLPH� VWHS�
IURP�QHWZRUN� WHPSHUDWXUHV��EHIRUH�FDOOLQJ� WKH� OLQHDU�
SURJUDPPLQJ� URXWLQH�� 7KH� PRGHO� DOZD\V� JLYHV� WKH�
SULRULW\�WR�WKH�FKHDSHVW�HQHUJ\�VRXUFH���
5HJDUGLQJ� WKH� SURGXFWLRQ� FRVWV�� WKH� PRGHO� PD\�
FRQVLGHU� VSHFLILF� FRVWV�� VXFK� DV� SXPSLQJ� FRVWV� RU�
HQYLURQPHQWDO� WD[HV� E\� JLYLQJ� D� FRVW� WR� KHDW�
WUDQVIHUUHG�LQWR�EUDQFKHV�ZKHUH�SXPSV�DUH�ORFDWHG��RU�
E\� JLYLQJ� DQ� DGGLWLRQDO� FRVW� WR� WKH� FRQFHUQHG� KHDW�
VRXUFHV�� 7KH� FRVWV� FRQVLGHUHG� KHUH� DUH� RSHUDWLQJ�
YDULDEOH� FRVWV� RQO\�� LQYHVWPHQWV� DQG� IL[HG� FRVWV�
VKRXOG� EH� DFFRXQWHG� IRU� LQ� D� FRPSOHWH� HFRQRPLFDO�
DQDO\VLV�� 8VLQJ� &2�� DQG� RWKHU� SROOXWDQWV� HPLVVLRQ�
IDFWRUV�IURP�IRVVLO�IXHOV�DQG�ZDVWH�LQFLQHUDWLRQ�ZRXOG�
HQDEOH�HQYLURQPHQWDO�LPSDFWV�WR�EH�DVVHVVHG��SULRU�WR�
FRPSOHWH�/&$�LI�UHTXLUHG���

Limits of the model  
/LQHDU� 3URJUDPPLQJ� LV� WKH� VLPSOHVW� IRUPDOLVP� IRU�
RSWLPL]DWLRQ��EDVHG�RQ�OLQHDULW\�DVVXPSWLRQV�ERWK�IRU�
WKH�FRVW�IXQFWLRQ�DQG�IRU�WKH�FRQVWUDLQWV��ZLWK�UHVSHFW�
WR� VWDWH� YDULDEOHV�� ,W� KDV�EHHQ� FKRVHQ� WR� HPXODWH� WKH�
'+1�RSHUDWLQJ��EHFDXVH�RI�LWV�DELOLW\�WR�ILQG�D�JOREDO�
VROXWLRQ�LI�WKHUH�LV�D�VROXWLRQ��+RZHYHU�D�GUDZEDFN�RI�
XVLQJ�/LQHDU�3URJUDPPLQJ� LV� WKDW� WKHUH� FRXOG�EH� DQ�
LQILQLW\� RI� VROXWLRQV� ZKHQ� WKH� SUREOHP� LV�
GHJHQHUDWHG�� PHDQLQJ� WKDW� WKHUH� FDQ� H[LVW� VSHFLILF�
VLWXDWLRQV��H�J��KHDW� VRXUFHV�ZLWK� WKH�VDPH�RSHUDWLQJ�
FRVWV�� ZKHUH� WKH� PRGHO� FDQQRW� UHWXUQ� RQH� VROXWLRQ��
,QSXW�GDWD�PXVW�EH�FKHFNHG�WR�DYRLG�VXFK�VLWXDWLRQV��
+HDW� VRXUFHV� ZLWK� QRQ�FRQVWDQW� HIILFLHQFLHV� FDQQRW�
EH�WDFNOHG�GLUHFWO\�ZLWK�WKH�OLQHDU�PRGHO��WKH\�ZRXOG�
UHTXLUH� QRQ�OLQHDU� RSWLPL]DWLRQ�� ZLFK� FRXOG�
FRPSOH[LI\� WKH� SUREOHP� DQG� LQFUHDVH� GUDPDWLFDOO\�
FRPSXWDWLRQ�WLPH��RSWLPL]DWLRQ�URXWLQH�LV�FDOOHG�RQFH�
DW� HDFK� WLPH� VWHS��� 1HYHUWKHOHVV�� LQ� PRVW� FDVHV�� D�
VLPSOLILHG�VROXWLRQ�FRXOG�EH�SHUIRUPHG�XVLQJ�PL[HG��
LQWHJHU� OLQHDU� SURJUDPPLQJ� EDVHG� RQ� OLQHDU�
LQWHUSRODWLRQ� RI� WKH� FRVW� IXQFWLRQ� E\� LQWHUYDOV��
&RPSXWDWLRQ� WLPH� VKRXOG� UHPDLQ�DFFHSWDEOH�EXW� WKLV�
VROXWLRQ�LV�VWLOO�WR�EH�WHVWHG��
7R�SURYLGH�YDOXDEOH� LQIRUPDWLRQ�� WKH�PRGHO� UHTXLUHV�
D� FHUWDLQ� DPRXQW� RI� LQSXW� GDWD� DW� D� WLPH� VWHS� DV�
SUHFLVH� DV� SRVVLEOH�� 7KLV� QHHG� RI� DFFXUDWH� DQG�
VSHFLILF� GDWD� FRQVWLWXWHV� D� QRWDEOH� GLIILFXOW\� EHIRUH�
EHLQJ�DEOH�WR�UXQ�WKH�PRGHO��)URP�WKH�SRLQW�RI�YLHZ�
RI� FRQFHUQHG� VWDNHKROGHUV� �ORFDO� JRYHUQPHQWV� RU�
RSHUDWRUV��� LW� LV� D� VWUDWHJLF� FKRLFH� WR� FROOHFW� DQG�
XSGDWH�WKH�FRUUHVSRQGLQJ�GDWDEDVH�LQ�WKH�ORQJ�UXQ��

&21&/86,21�
7KH�PRGHO�SUHVHQWHG� LQ� WKLV�ZRUN� LV� WKH�FRUH�PRGHO�
RI�D�PRUH�JHQHUDO�PDQDJHPHQW� WRRO�� ,WV�SDUWLFXODULW\�
LV�GXH�WR�LWV�IOH[LELOLW\�RI�PRGHOLQJ�DQG�WR�WKH�ZD\�LQ�
ZKLFK� LWV� HQHUJ\� UHVXOWV� FDQ� EH� XVHG� WKURXJK�
HQYLURQPHQWDO� DQG� HFRQRPLF� DQDO\VHV�� 6RPH�
H[DPSOHV�DUH�JLYHQ�WR�LOOXVWUDWH�KRZ�WKH�PRGHO�FDQ�EH�
DGDSWHG� WR� VLPXODWH� YDULRXV� KHDW� GHPDQG�� QHWZRUN�
DUFKLWHFWXUHV�� HQHUJ\� VRXUFHV� DQG� FRQYHUVLRQ�
WHFKQRORJLHV��
7KLV� WRRO� FDQ� EH� XVHG� DV� D� EDVLV� RI� GLVFXVVLRQ�
EHWZHHQ� FRQFHUQHG� VWDNHKROGHUV� �QHWZRUN� RSHUDWRU��
FXVWRPHUV��ORFDO�DXWKRULW\��HWF���DW�GLIIHUHQW�VWDJHV�RI�
WKH�'+�QHWZRUN�OLIH�F\FOH��,W�FDQ�EH�D�FRPSDQLRQ�WRRO�
IRU� GHFLVLRQ� PDNLQJ� UHJDUGLQJ� GLIIHUHQW� TXHVWLRQV��
,QLWLDO� GHVLJQ� RU� H[WHQVLRQ� RI� D� QHWZRUN� FDQ� EH�
WDFNOHG� ZLWK� WKH� FKRLFH� RI� D� FRVW�HIIHFWLYH� DQG�
HQYLURQPHQWDOO\�IULHQGO\�HQHUJ\�PL[��DQG�HYDOXDWLRQ�
RI� WKH� SRWHQWLDO� IRU� IXWXUH� FXVWRPHUV�� $VVHVVLQJ�
DFWXDO� SHUIRUPDQFHV� RI� WKH� QHWZRUN� DQG� FRPSDULQJ�
WKHP�WR�WKH�IRUHFDVWLQJ�LV�DQRWKHU�DSSOLFDWLRQ�RI�VXFK�
D�WRRO��DQDO\]LQJ�RSHUDWLQJ�FRVWV�RU�FKHFNLQJ�ZKHWKHU�
FDUERQ�HPLVVLRQ�UHVSHFW�FLW\¶V�FRPPLWPHQWV���

5()(5(1&(6�
cEHUJ��0���+HQQLQJ��'��������(QHUJ\�3ROLF\��YRO������

QR������SS�������������
%UXQ� 2�� ������ �/$$6�&156�� ,16$��

KWWS���KRPHSDJHV�ODDV�IU��
&(7(�2XHVW��������*XLGH�GHV�UpVHDX[�GH�FKDOHXU��
&(7(�2XHVW��������5pVHDX[�GH�FKDOHXU�HQ�(XURSH�HW�

GDQV�OH�PRQGH��
�'H� :HUUD� '�� ������ (OpPHQWV� GH� SURJUDPPDWLRQ�

OLQpDLUH� DYHF� DSSOLFDWLRQ� DX[� JUDSKHV�� 3UHVVHV�
SRO\WHFKQLTXHV�URPDQGHV��/DXVDQQH��

'RW]DXHU�(��������(QHUJ\��YRO������QR������SS�������
������

*HQRQ��*���7RUFKLR��0�)����3RJJLR��$�����3RJJLR��0��
������ � (QHUJ\� &RQYHUVLRQ� DQG� 0DQDJHPHQW���
YRO������QR�����SS�����������

*XVWDIVVRQ��6���.DUOVVRQ��%�*��������+HDW�5HFRYHU\�
6\VWHPV�DQG�&+3��YRO������QR�����SS�����������

-DFTXHW�/DJUq]H� (�� ������ 3URJUDPPDWLRQ� /LQpDLUH��
PRGpOLVDWLRQ� HW� PLVH� HQ� RHXYUH� LQIRUPDWLTXH��
(FRQRPLFD��3DULV��

/XQG��+���0|OOHU��%���0DWKLHVHQ��%�9����'\UHOXQG��$��
������(QHUJ\��YRO������QR�����SS�������������

0HKURWUD�6��������LQ�6,$0�-RXUQDO�RQ�2SWLPL]DWLRQ��
YRO�����SS�����±�����

2XDUJKL��5���%HFHUUD��5���%RXUJHV��%��������$�OLQHDU�
SURJUDPPLQJ� EDVHG� PRGHO� IRU� VWUDWHJLF�
PDQDJHPHQW� RI� GLVWULFW� KHDWLQJ� V\VWHPV�� LQ�
5(+9$� &RQJUHVV� &OLPD� ����� :HOO%HLQJ�
,QGRRUV��+HOVLQNL��)LQODQG��
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6|GHUPDQ�� -��� 3HWWHUVVRQ�� )�� ������$SSOLHG�7KHUPDO�
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7YHLW�� 7��� 6DYROD�� 7��� *HEUHPHGKLQ�� $��� )RJHOKROP��
&�� ������ (QHUJ\� &RQYHUVLRQ� DQG�0DQDJHPHQW��
YRO������QR�����SS�����������

9HUGD��9��� &ROHOOD�� )�� ������ (QHUJ\�� YRO�� ���� QR�� ���
SS�������������

<LOGLULP��1���7RNVR\��0���*RNFHQ��*��������(QHUJ\��
YRO������QR�����SS�������������

=KDQJ�� <�� ������ 6ROYLQJ� /DUJH�6FDOH� /LQHDU�
3URJUDPV� E\� ,QWHULRU�3RLQW� 0HWKRGV� 8QGHU� WKH�
0$7/$%� (QYLURQPHQW�� 7HFKQLFDO� 5HSRUW�
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�
 

Figure 5: Hourly heat load curve (black line) and contributions provided by the waste incineration plant and 
fossil fuel thermal plant each hour of the year. Reference case (scenario 1) 
�
�

�
 

Figure 6: Hourly heat load curve (black line) and contributions from waste incineration plant, thermal solar 
collectors and fossil fuel thermal plant. Scenario 3�
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